Materials and methods
All reactions were carried out under an atmosphere of argon using standard Schlenk techniques. Solvents used for synthesis and analysis were degassed and dried using suitable drying agents. Purification that involves extraction or column chromatography was performed in air with solvents as received. The iron compounds were protected from light as much as possible. Commercial chemicals were used without further purification. The supporting electrolyte nBu4NPF6 was prepared from saturated solutions of Bu4NBr and KPF6 in water and recrystallized several times from hot methanol and dried overnight in a vacuum oven. Sodium isopropylthiolate was obtained by stirring an excess of thiol and small pieces of sodium in Et2O in a Schlenk flask connected to a gas bubbler at room temperature until all the metallic sodium had reacted. 2,3-bis(isopropyl)thiopyridine (L1) was prepared according to a literature procedure. [1] Fe2(bdt)(CO)6 and Fe2(pdt)(CO)6 were prepared according to two different literature procedures. [2, 3] All NMR spectra were recorded on a Bruker Avance 400 (400 MHz) or a Bruker DRX 500 (500 MHz) spectrometer and referenced internally to the residual solvent signal of CD2Cl2: 1 H (δ = 5.32 ppm) and 13 C (δ = 54.00 ppm). IR measurements were conducted on a Thermo Nicolet Nexus FT-IR spectrometer. Mass spectra were collected on a JMS-T100GCV mass spectrometer using field desorption (FD), or a JEOL AccuTOF LC, JMS-T100LP mass spectrometer using electron-spray ionization (ESI).
Electrochemistry
Cyclic voltammetry was performed on a 1 mM solution of the analyte using 0.1 M nBu4NPF6 as supporting electrolyte. The voltammograms were recorded using a PG-STAT302N potentiostat at a glassy carbon disk electrode (2 mm diameter). A platinum wire was used as auxiliary electrode and a leakless Ag/AgCl (3 M KCl) as reference electrode. All potentials were referenced to ferrocene that was added to the solution at the end of the measurement. All voltammetric experiments were carried out with iR-compensation of 95-98% to compensate for the internal resistance of the cell. The correction was implemented in the measurement via the software (NOVA 1.11). Spectroelectrochemistry was performed on a 2 mM concentration of analyte and 0.2 M supporting electrolyte with an optical transparent thin layer electrochemical (OTTLE) cell equipped with CaF2 windows, a platinum micro-grid as working electrode, a platinum wire as auxiliary electrode and a silver wire as reference. The potential-controlled electrochemistry was carried out by a PGSTAT10 potentiostat (Metrohm/Autolab). A slow scan speed of 2 mV/s was applied while measuring a spectrum (4 scans) every 15 seconds.
X-ray crystallography
X-ray intensities were measured on a Bruker D8 Quest Eco diffractometer equipped with a Triumph monochromator (λ = 0.71073 Å) and a CMOS Photon 50 detector at a temperature of 150(2) K. Intensity data were integrated with the Bruker APEX2 software. [4] Absorption correction and scaling was performed with SADABS. [5] The structures were solved using intrinsic phasing with the program SHELXT. [4] Leastsquares refinement was performed with SHELXL-2013 [6] against F 2 of all reflections. Non-hydrogen atoms were refined with anisotropic displacement parameters. The H atoms were placed at calculated positions using the instructions AFIX 13, AFIX 43 or AFIX 137 with isotropic displacement parameters having values 1.2 or 1.5 times Ueq of the attached C atoms.
X-ray absorption measurements
Fe K-Edge (7112 eV) X-ray absorption measurements were performed at beamline BM26 (DUBBLE) [7] of the European Synchrotron Radiation Facility (ESRF) in Grenoble, France. Fe K-edge XAS data were obtained in fluorescence mode using a Si(111) double crystal monochromator and a Silicon Vortex-EM SDD detector, with acquisition times of 20 min (multiple scans were averaged to improve S/N). The measurements were performed on 5.0 mM complexes in acetonitrile. Samples were prepared in an Argon filled glovebox and transferred to the beam under inert conditions using an air-tight peek liquid cell (with kapton windows). Data processing analysis was conducted with Athena and Artemis (Demeter software package). 
1:
An oven-dried Schlenk flask was charged with Fe2(CO)9 (1.34 g, 3.68 mmol) and equipped with a gas bubbler filled with oil via a needle through the septum of the Schlenk flask. In a separate Schlenk flask, L1 (0.42 g, 1.85 mmol) was dissolved in 25 mL toluene. The solution was transferred to the iron precursor and the mixture was heated to 100°C in a preheated oil bath. The reaction progress was monitored by IR spectroscopy. After a reaction time of 15 minutes the dark red mixture was allowed to cool down to room temperature. The volatiles, including the side-product Fe(CO)5, were carefully removed under vacuum. The crude product was purified by column chromatography (silica, eluent: gradient from hexane to hexane/CH2Cl2 80:20). The thus obtained pure compound was dissolved in 25 mL pentane after which the volatiles were removed under vacuum to afford complex 1 as an orange powder (27% yield with respect to L1). Single crystals suitable for X-ray diffraction analysis were obtained by liquid-liquid diffusion of pentane into a solution of 1 in dichloromethane. 
S2:
S2 was synthesized following a modified literature procedure. [9] A 50 mL round bottom flask was charged with formaldehyde (4 ml, 37% in water, 54 mmol) and formic acid (4.6 mL, 122 mmol), where after S1 (2 g, 15.6 mmol) was added in portions under stirring. A reflux condenser was connected to the flask and the solution was purged with argon followed by heating to 100°C. The reaction progress was monitored by TLC and the reaction was allowed to cool down to room temperature after 8 h reaction time. The yellow mixture was carefully transferred into 30 mL saturated aqueous NaHCO3 solution. Additional NaHCO3 solution was added until the mixture was basic, followed by 5 M aqueous NaOH solution to adjust the pH above 10. The aqueous phase was extracted with CHCl3 (3x 50 mL) and the combined organic fractions were dried over MgSO4 and the solvent was removed under vacuum. The crude product was purified by column chromatography (silica, eluent: 2/98 triethylamine/hexane) to yield S2 as a light yellow oil in 47% yield. 
L2:
A solution of S2 (160 mg, 1.0 mmol) in 5 mL N,N-dimethylformamide was added to sodium isopropylthiolate (140 mg, 1.4 mmol). The mixture was stirred at 85°C and the reaction progress was monitored by TLC. After five days all of S2 had reacted and the mixture was transferred to a separatory funnel with water/brine and Et2O. The product was washed with water four times and dried over Na2SO4 after which the volatiles were removed under vacuum to afford L2 as a light yellow oil that partly solidifies into white solids (82% yield with respect to S2). 
2:
An oven-dried Schlenk flask was charged with Fe2(CO)9 (82 mg, 0.23 mmol) and equipped with a gas bubbler filled with oil via a needle through the septum of the Schlenk flask. In a separate Schlenk flask L2 (40 mg, 0.2 mmol) was dissolved in 8 mL toluene and transferred to the iron precursor and the resulting mixture was heated to 100°C in a preheated oil bath. The reaction progress was monitored by IR spectroscopy. After 15 minutes the dark red mixture was allowed to cool down to room temperature. The volatiles, including the side product Fe(CO)5, were carefully removed under vacuum. The crude product was purified by column chromatography (silica, eluent: gradient from hexane to 0.5-1% trimethylamine in hexane) to yield 2 as an orange solid in 17% yield. Single crystals suitable for X-ray diffraction analysis were obtained by slow evaporation of a pentane solution of 2 at 5°C. 
XAS analysis of 1 -
Fe K-edge XAS:
The XANES spectra of 1 and 1 -( Figure S19 ) displays an edge shift of -0.4 eV, corresponding to a (partial) reduction of the complex, e.g. . [10] The similarity in the pre-edge region in both cases indicate similar symmetry around the Fe centres, with the pre-edges suggesting a five coordinated Fe. [11] The local structural information of 1 and 1 -was obtained from an acetonitrile solution in an air-tight peek liquid cell. The k 2 -weighted Fe K-edge EXAFS spectra of 1 and 1 -and the corresponding EXAFS analysis ( Figure S20 and Table S1 ) show a close resemblance towards the single crystal and DFT modelled structures respectively. EXAFS analysis of 1 -shows the first Fe -C shell at a distance of 1.83(1) Å with an overall coordination number of 2.5 and C/N bond distances of 2.08(2) Å with a coordination number of 2. Additionally, the Fe -Fe contribution is fitted with an elongated bond distance of 2.66(3) Å compared to the original value of 2.60(2) Å. All three coordination shells confirm the breakage of the Fe -N bond and the formation of a bridging CO ligand. -weighted Fourier Transforms of the EXAFS data for 2.3 < k < 11.8 Å of 1 (left) and for 2.0 < k < 10.9 Å 1 -(right). In all plots the data are represented by the solid lines (red), whereas the corresponding fits are the dotted lines (blue). 
DFT calculated structures and IR spectra
The calculations were performed using the Spartan software (version 16) using the B86PW91 functional in combination with the def2-TZVP basis set. The X-ray structure of 1 was used as starting structure, and the structure was minimized before the IR spectrum was calculated. For the generation of the 1 -and 1 2-structure the same protocol was followed. Also, several alternative structures were generated and minimised before the IR spectra were calculated. All calculated vibrational frequencies are equal to or above zero (no negative vibrations observed).
Structures obtained from DFT calculations:
DFT calculated IR spectra overlapped with experimental spectra: Ecat/2: potential at which the forward scan reaches half of the maximum current (ics) [12] The overpotential η at which a catalyst operates is defined as the difference between the catalytic halfwave potential Ecat/2 and the equilibrium potential E°HA/H2 of the applied acid (HA) in the solvent used.
The determination of the E°HA/H2 has been extensively discussed. [12] [13] [14] [15] Roberts and Bullock have shown a clear way to find E°HA/H2 experimentally using a Pt working electrode in a H2 atmosphere. Usually, however, the value is obtained from tabulated data that are found via a derivation of the Nernst equation as: °/ 2 =°+ / 2 − 0.05916 E°H+/H2 is the standard potential for the reduction of protons in the applied solvent. In the literature there are several values for this number in acetonitrile ranging from -0.26 V [16] to -0.028 V. [15] In this work it is chosen to follow E°H+/H2 = -0.028 V in acetonitrile. This value was derived experimentally and corresponds to multiple other calculated values. [14, 17, 18] The E°HA/H2 of some proton donors, including acetic acid, is affected considerably by homoconjugation. [14] By accounting for this, the E°HA/H2 of around 60 mM acetic acid in acetonitrile (pKa = 22.3) at room temperature is -1.2 V. For the other acids applied in this article, homoconjugation is not accounted for.
The catalytic rate constant kcat in M -1 s -1 is calculated according to the following formula as previously described by DuBois et al. [19] :
n is the number of electrons involved in the catalytic cycle, which in the current reaction corresponds to 2. ν is the scan rate in V/s. [20] 
